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INTRODUCTION 
INTFiODUCTlON 
The vegetables contr ibute an important pa r t of da i ly 
food requirement i n the world. The y i e ld of vegetable i n India 
i s f a r below the average y ie ld i n the world. Amongst d i f f e r en t 
pathogens, p l a n t - p a r a s i t i c nematodes take a heavy t o l l of these 
crops every year throughout the world. There has been a grow-
ing recogni t ion of the role of p a r a s i t i c nematodes as p lan t 
pathogens and of t h e i r importance i n crop c u l t u r e . One i n t e r e s t ^ 
ing aixi s i gn i f i can t aspect involves a s soc ia t ion of nematodes 
with c e r t a i n fungi in which nematodes become a p a r t of an 
e t i o l o g i c a l complex. Although both kinds of organisms may be 
des t ruc t ive pathogens when actiiig alone, t h e i r combined pa tho lo-
gic p o t e n t i a l may be far g rea te r than the sum of t h e i r ind iv idua l 
e f f e c t s . Disease complexes of t h i s s o r t present spec i a l problems 
of disease c o n t r o l . At tent ion must be focused on i n t e r a c t i n g 
pathogens^ t h a t d i f f e r g rea t ly i n t h e i r behavior, r a t h e r than on 
a s ingle kind of pathogen. 
Plant p a r a s i t i c nematodes, l ike fungi, bac te r i a and 
v i ruses are bane to crop production. Although, no prec ise data 
of the amount of damage caused by p lan t p a r a s i t i c nematodes to 
various crops are avai lable but the est imated loss i n vegetables 
, IS . 
due to root-knot nematodes a lone,upto 82,5% on tomato and okra. 
According t o socie ty of nematologist , which undertook a major 
crops loss es t imat ion project i n 1971, the losses due t o 
assoc ia t ion of d i f fe ren t pathogens were t o the order of 10?^  
extending to 50?^ i n c e r t a i n s i t u a t i o n . While nematodes alone are 
qui te capable of causing severe p lan t inoury and reduct ion in 
crop production, they are often involved with other organisms 
which cause diseases' , these combinations frequently r e s u l t i n a 
loss t h a t i s more than additive^ such as the breaking of 
r e s i s t ance or the production of s3rmptoms d i f fe r ing from those 
usioally produced by e i t h e r organism a lone . Plant p a r a s i t i c 
nematodes caused considerable damage when involved in 
disease complex with pathogenic fUngi (Pi tcher 1965). 
Approximate losses due t o p lan t p a r a s i t i c nematodes 
have been expressed in terms of money i n some coun t r i e s . In 
U,S,A, alone, the estimated annual loss i n cu l t i va t ed crops due 
to p lan t nematodes ranges f rom^ 250,000,000 (Hutchinson e t a l . , 
1961) t o ^ 500,000,000 (Cairns, 1955). Later , Taylor ( l96 l ) 
reported an ea r ly loss of X 372,33500 of vegetable due to 
nematodes. The annual loss to pota to i n England due to golden 
nematode, Heterodera ro s toch i ens i s . Woll, alone i s estimated to 
be as high as ^ 2,000,000 (Southey and Samuel, 1954). Recently, 
a committee of the soc ie ty of nematologists had estimated t h a t 
vegetable crops suffer an 11,00 percent annual loss due to 
nematodes (Peldmesser £ t _ a l . , 1971). While deal ing with the 
d e t a i l s , the same committee reported t h a t annual losses due t o 
nematodes on f ie ld crops are of the order of ^ 1,038,374,300, 
on f r u i t and nut crops , ^ 225,145,900; on vegetable crops, 
^ 226,989,100 and ornamental c rops , 3 59,817,634. 
Recently a committee of the society of neraatologist under 
the chairmanship of Dr, JuliiiS Ffeldmesser est imated crop losses 
i n the USA (Anon^, 1971), as vegetables suf fers an 11?^  or 
^ 266,989,100 annual loss due to plant nematodes. This would 
account for an average loss of ^ 132,57 per hectare for vegetable 
crops i n the USA. The g r e a t e s t losses on a d o l l a r basis i n 
order of sever i ty are from tomato, bean, cucumber and c a r r o t . 
On a percentage of crop loss ba s i s , bean, b russe l s sprou ts , 
c a r r o t , cucumber and melon are given as 2096 and green pepper 
and tomato as ^3%• Other s i t u a t i o n s are not as well known, 
but nevertheless^ a considerable decrease i n y i e ld of vegetable 
crops a l so i s caused by i n t e r r e l a t i o n s h i p s of nematodes with other 
p lan t pathogens such as bac te r i a and fungi. 
In India^ Krishnappa (1985) has summarized the crop losses 
i n terms of money or percentage of area infected due t o the p l an t 
p a r a s i t i c nematode as severe t o moderate to severe in some areas 
crops . Van Berkum and Seshadri (1970) reported the annual loss 
of 3 10 mi l l ion £rom •' ea r cockle** disease caused by 
Heterodera avenae i n Rajasthan. Paruthi and Bha t t i (1985) 
reported a loss of 2.859^ in f ie ld of wheat due to Anguina t r i t i c i . 
In another repor t , Handa e t a l , (1985) est imated the losses in 
barley due to H, avenae to the extent of Rs. 1687-5911 per 
hec ta re . None of our cu l t iva t ed crops i s perhaps as suscept ib le 
t o root -knot nematodes as the vegetable crops and an i n f e s t a t i o n 
upto 85% has been observed on tomato, eggplant , okra, cuci i rbi ts , 
po ta to , tobacco, papaya, j u t e , cot ton and groundnut e t c . In 
c e r t a i n regions of Himachal Pradesh and Bihar, i t has become 
most uneconomic to grow potatoes and other vegetable crops 
because of root-knot nematodes (Prasad, 1964). 
Similar ly , Khan_eJ;_al, (1966) have pointed out t h a t 
root-knot nematode i s the most important nematode pes t on 
vege tab les . 
In recent years , there has been a growing recogni t ion 
of the role of p a r a s i t i c nematodes as p lan t pathogens and of 
t h e i r importance to crop product ion. 
One i n t e r e s t i n g and s i g n i f i c a n t aspect of Plant Nematology 
involves assoc ia t ion of nematodes with c e r t a i n fungi in which 
nematodes become a pa r t of an e t i o l o g i c a l complex. Although both 
kinds of organisms may be des t ruc t ive pathogens when act ing 
a lone , t h e i r combined e f fec t may be far g rea t e r than the sum 
of t h e i r individual e f f e c t s . Wallace (1963) has pointed out 
t h a t in nature one pathogen one disease i s r a r e . The l i t e r a t u r e 
has been reviewed by Grainger and Clark (I963] '^«^v56 found t h a t 
pota to cyst nematode and the black-scxorf fungus Rhizoctonia 
so lan i together caused much g rea t e r reduct ion in y ie ld than did 
t h e i r organismsseparately, Heterodera ros tocbiens is a l so 
in te rac ted with Ver t ic i l l ium dahl iae enhancing the sever i ty 
of the wi l t caused by the fungus. The l ea f symptcMns appeared 
e a r l i e r and the y ie ld of tuber was depressed i n the presence of 
nematode (Jones, 1968), Mayol and Bergeson (l969) measured 
the pathogenic e f f ec t of normally non-or low grade-pathogenic 
micro-organisms and Keloidogyne incogni ta . Combination of 
secondary microbial invasion of tomato p l an t s previously 
inoculated with t h i s nematode caused 75?^ and A8?6 weight reduc-
t i o n of foliage and roo t s r e spec t i ve ly . In terac t ions of p lan t 
p a r a s i t i c nematodes with other pathogens have a lso been 
observed, 
Mc Xeen and Mountain (1960), observed t h a t i n t e rac t ions 
of r o o t - l e s i o n nematodes and fvmgi, p a r t i c u l a r l y Veirbicillium 
spp, and demonstrated a s y n e r g i s t i c r e l a t i o n s h i p between 
Pratylenchixs penetrans and Ver t i c i l l i um albo-atrum. At low and 
intermediate leve ls of Ver t i c i l l ium Inoculum, the nematode 
increased wi l t and la rger numbers of nematodes occured in eggplants 
but Ver t ic i l l ium alone was pathogenic. Mountain and Mc Keen, 
(1952) obtained s imi la r r e s u l t s with Ver t ic i l l ium dahliee and 
Pratylenchus penetrans i n tomato w i l t , Edmunds and Mai (1966) 
reported a s ign i f i can t increase i n nematodes recovered from 
ce lery roots infected with P, penetrans and Triehoderma v i r i de 
than from roots infected with only nematodes. The combined 
e f f ec t of these organisms s i g n i f i c a n t l y re ta rded growth of 
shoot and r o o t s . 
The in t e rac t ions of Rotylenchus uniformis and Fusarium 
oxysporium f, sp , p i s i race 3 and i t s importance i n ea r ly 
yellowing disease of peas was inves t iga ted by Labruyere e t a l . 
(1959), Neither pest alone causes severe r o o t - r o t in peas but 
toge ther they cause an extensive decay of the roo t cortex which 
i s the chief symptoms i n roo ts of peas with e a r l y yel lowing" , 
As has been pointed out above the s tud ies so far car r ied 
out on i n t e r a c t i o n of nematodes and fungal pathogen show t h a t 
nematodes ac t i n various ways i n the disease complex. The 
in t e r ac t ions are simply add i t i ve , s y n e r g i s t i c , antagonest ic 
making weaken pathogen/nonr-pathogen t o assume ser ious pathogen 
na tu re . Al l these s tud ies are i n a way cont radic tory to what 
i s happening i n nature where one disease one pathogen is 
a rari- ty. There are other s o i l fungi v^ich must have been ac t ive 
and in t e r ac t ions on both nematode and pathogens. This aspect 
has received l i t t l e a t t e n t i o n so fa r . Hence ,in the present 
inves t iga t ions are attempt would be made t o determine the 
e f f ec t of some rhizosphere fungi on the i n t e r ac t ions involving 
root-knot nematode and reniform nematode and pathogenic fungus 
on tomato p l a n t s . 
REVIEW 
OF 
LITERATURE 
REVIEW OF LITSRATURE 
Nematode - Fungixs I n t e r a c t i o n 
The disease in p l an t s involves severa l components such 
as ( i ) the virulence of pathogen ( i i ) the s u s c e p t i b i l i t y of 
host ( i i i ) the favourable environment and ( iv ) appropriate 
dura t ion or time of these cexponents. In amongst the environ-
ment components, there i s no doubt the physical environment i s 
the most important but the importance and relevance of b io t i c 
environment in the disease components can not be underestimated. 
In nature pathogenesis i s influenced by associated b io to . This 
has led to conceive the idea of multipathogenic concept or 
disease complex s i t u a t i o n . Considerable work has been car r ied 
out on the involvement of two organisms in disease complex-more 
p a r t i c u l a r l y nematode and fiingi. The l i t e r a t u r e has been 
extensively reviewed by T r i f f i t t (1931), P i tcher (1958), 
Taylor (1959) and Powell (1963). 
Atkinson (1892) reported the increase sever i ty of Fusarium 
wi l t di^ to the in fec t ion of root -knot nematode (Meloidogym sp . ) . 
' ^ b s t e r (1975) observed g rea te r sever i ty of Fusarium wi l t on 
tomato in the presence of rfeloidogyne incognita (Kofoid and 
White) Chitwood. 
Padi l la ejb a l , (19B1) observed severe s tunt ing in pea 
p lan t s when inoculated with Meloidogyne spp.and F, oxysporum f . s p . 
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pisi (Linford) Snyder and Hanseen alone or in combination than 
either of the two pathogens alone. 
Pfeidistono (lSe4) observed more damage on tomato plants 
when inoculated with F. oxvsporim f.sp, Ivcopersici (Sacc, ) 
Snyder and Hanseen^ followed by Meloidogyne sp. than the fiongus 
alone. The inoculation of plants with Meloidogyne sp. also 
resiilted in breaking of resistance of tomatoes to the pathogen. 
Spiegel and Netzer (1985) pointedout that plants infected 
with M, .javanica (Treub) Chitwood,and JF. oxysporum f, sp. 
lycopersici together, the fresh weight of plant increased in 
those receiving nitrate source of N than in those receiving 
ammonium nitrate but wilting was more in plants fertilized with 
ammonium nitrate. Irrespective of the form of N applied, 
accumulation of N, P and K occured in the roots of plants 
infected with M. javanica and _F. oxysporum f. sp, lycopersici 
together and/or M. javanica^while in the shoots there was 
accumulation of Ca, Mg, Na and P and depletion of K. Math et al, 
(1985) reported that M. .javanica significantly increased the 
damage by pre-and post^emergence phase of damping off in tomatoes 
caused by Fusarium. Rhizoctenia Dc. exFr, or P7thium Pringsch, 
Maximum reduction occured in shoot length and a high soil 
nematode count occured with combined inoculation,plants with 
—• J^ v^ ^^ J-ca and Rhizoctonia solani Kuhn, 
Carter et.al. (1977) reported a synergistic effect in the 
reduction in dry weight of shoot when inoculated with the 
nematode, M. incognita and the fungus J), oxysporum f, sp. 
lycopersici. together as compared the two organism alone. 
Carter et al, (1S78) pointed out that the dry weight of shoot 
of the susceptible tomato plants was significantly reduced when 
inoculated with nematode, fungus separately and nematode fungus 
together. However, there was more fungal colonization of the 
vascular tissue in nematode infested plants. Carter (1978) 
further observed that as a result of previous infection of plants 
with M, incognita the severity of F, oxysporum f.sp, lycopersici 
race I was enhanced both in cultivars resistant and susceptible 
to wilt; thereby there was break down in the resistance of 
plants to wilt. That nematode infestation increased the severity 
of wilt was also confirmed by Morrell and Bloom (l98l) and 
D»Ercole et al. (1962). 
Jenkins and Coursen (1957) observed 1003i wilting of 
tomatoes resistant to wilts when inoculated with Meloidogyne 
hapla Chitwood and _F, oxysportnn f.sp, lycopersici together. 
Pitcher (l974) also observed breaking of resistance in tomato 
variety " Pearson VF11" when inoculated with M. hapla and 
F. oxysporum f. sp. lycopersici. Griffin and Thyr (1978) 
reported significant reduction in the growth of tcmatoes when 
inoculated with M. hapla followed F, oxysporum f, sp, lycopersici 
after 30 days. 
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KLeineke Borchera and Wyss (1981), while reporting 
physiological changes as a result of infection with M.incognita 
in tomato varieties susceptible and resistant to Fusarium. 
observed more stimulation of mycelial growth in the susceptible 
than in the resistant plants. They concluded that after 
infection with M. incognita, the root tissues were rich in 
carbohydrates, especially the reducing sugars viz., glucose and 
fructose as well as of free amino acids, which could be the 
reason for plants becoming susceptible to nematode. KLeineke 
(1982) observed changes in the content of auxins and cytokinins 
in tomato plants as a result of inoculation with M, incognita 
and F. oxvspommi f. sp, lycopersici separately and together. 
The infection with either of the two pathogens resulted in a 
more increase inindoie-acetic acid which could be responsible 
for early appearance of typical wilt sjrmptoms. Cytokinin content 
increased as a result of infection with M» incognita but not 
with Fusarium. KLeineke and Wyss (1984) while studying the 
changes in the susceptibility of tomato plants to F, oxysporum 
f. sp. lycopersici after infection with M, incognita observed 
increased mycelial growth in galled tissues which was correlated 
to glucasamine content of roots. Further root exudates from 
nematode-infected plants were found to contain more of carbo-
hydrate and reducing sugars which resulted in increased conidial 
germination. Similarly galled roots of Fusarium - resistant 
plants contained increased amounts of carbohydrates,reducing 
sugars and free amino-acids. Nematode infection, however, had 
little effect on the levels of these substances in shoots. 
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Almeida (1980) reported increase in susceptibility of 
tomato plants to F, oxysporum f, sp. Ivcopersici when inoculated 
v;ith the fungus and Meloidogyne sp, together. Noguera (1S6 0,1963 } 
observed more growth of F, oxyspormn f, sp. Ivcopersici in root 
extracts of Fusarium resistant tomato when infected with 
M. incognita. There was also more colonization of roots by 
F, oxvsporum f, sp, Ivcopersici when infected with M. incognita. 
Fungal penetration was not restricted to nematode sites, but 
occured throughout the root cortex and it advanced into the 
stem via the xylem. Thus it was concluded that nematode attack 
appeared to cause systemic changes in plant tissue. 
Book binder and Bloom (1980) pointed out that the shoot 
and root weight of bean plants was significantly reduced when 
inoculated with Uromyces phaseoli (Reben) Wint. and M. incognita 
alone or together, while both pathogens influenced the reproduc-
tion of one another. 
I^ezepir and Pusey (1966) observed that the greater 
root necrosis of peach plants occured when inoculated with 
F, solanl (Martius) App. and Wollew as compared with Criconemello 
^enoplax (Raski) Lue and Raski alone. However, shoot growth 
and plant height were reduced when inoculated with both the 
pathogens. 
Golden and Van Gundy (1S75) while studying an interaction 
between M, incognita an R. solani on tomato and okra, pointed 
out that entrance of R, solani was facilitated through the 
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injuries caused by the mature females of nematodes. The fungus 
especially colonized galled tissue and developed selerotia 
thereon. Hazarka and Roy (1975) observed that the number of 
galls on roots as well as the number of eggmasses were signi-
ficantly greater in eggplants inoculated with M. incognita and 
R. solani together than in those inoculated with nematode alone, 
Chhabra et, al. (1979) reported more reduction in growth 
of okra when inoculated with M, incognita together with R.solani 
simultaneously, Sharma and Gill (1979") found that the inocula-
tion of potato with M, incognita and R. solani reduced the 
growth of plants more than the two organisms alone. Nematode 
multiplication was also more when plants were inoculated with 
M, incognita alone.but with R, solani before nematode inoculation 
there was less multiplication of the nematode, Chahal and 
Chhabra (1984, 1985) observed that the tomato seedlings inoculated 
with M, incognita and R. solani separately or in combination 
showed a significant-reduction in shoot length, shoot weight 
and root weight as compared to uninoculated controls. Inoculation 
of plants with both the pathogens simultaneously resulted in 
more reduction in growth. Inoculation of M, incognita 3 weeks 
prior to R. solani significantly reduced the shoot weight and 
length as compared to inoculation with R, solani 3 weeks prior 
to M, incognita. Both the number of galls and highest popula-
tion build-up of nematode were observed when inoculation of 
plants with M. incognita was done 3 weeks prior to R, solani. 
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The germination of seeds of tomato was reduced t o 18% as aga ins t 
48$4' and 395^  when inoculated with M. incognita and R. so lan i 
separate ly respec t ive ly , Sharma e t a l . (1SS1 ) observed t h a t 
r o o t - r o t t i n g increased when okra p l an t s were inoculated with 
M. incognita and Rhizoctonia b a t a t i c o l a (Taub.) But le r . toge ther 
or a lone. M, incognita and R, b a t a t i c o l a together resu l ted i n 
37.3/^ roo t - ro t a f t e r A8 days as compared with 5.3 and 12.7?^ 
roo t - ro t respec t ive ly i n a lone. Phenol , p ro te ins and pro l ine 
concentrat ions were more i n M, incogni ta infected roots while 
pro l ine l eve l s were more increased i n combined inoculoiUon. 
Goswami e t a l . (1976) observed 33.3% wi l t ing of tomatoes 
when inoculated with M. ^^avanica 3 weeks p r i o r t o in fec t ion with 
R. ba t a t i co l a , but with simultaneous inocula t ion and inocula t ion 
with fungus alone or with fungus 3 weeks before nematode, the 
percent wi l t ing was 13 .3 , 6,7 and 9,7 r e spec t ive ly , Chhabra 
and Sharma (1981 ) reported t h a t M. incognita alone did not cause 
pre-emergence damping-off of okra and eggplant but germination 
was s ign i f i can t ly reduced in both species when inoculated with 
M. incognita and R, ba t a t i co l a toge ther , Goel and Gupta (1986 ) 
reported t h a t the reduct ion i n growth of the seedl ings of 
chickpea occured when the p l an t s were inoculated with M. 
incognita and R, ba t a t i co l a simultaneously or alone but the 
ga l l ing was s i gn i f i c an t l y reduced when the seedl ings were 
inoculated with nematode followed by fungus. 
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Khan and Saxena (1969) and Khan et al. (1971 ) observed 
that although R, solani alone reduced the emergence of cauli-
flov/er^seedlings but the combined inoculation of soil with 
R, solani and Tylenchorhynchus brassicae Siddiqui resulted in 
higher reduction in the emergence of seedlings. 
Shoemaker and Barker (1979) pointed out that the effect 
of inoculation of tomato with M, incognita and Verticillium 
dahliae Kleb together was additive and not synergistic. Janowiez 
and Mazurkiewiez (1963) reported that when tomato seedlings 
were inoculated with M, hapla and V, dahliae at 22°C and maximum 
humidity, a reduction in seedling growth was observed. The 
retarded root growth clearly showed that nematodes enhanced the 
development of wilt symptoms and shortened its incubation 
period, 
Jacobsen (l977), Jacobsen ejt al^ , (1979) observed that 
presence of M, hapla increased the severity of wilt of potato 
caused by Verticillium spp, Nees, exWallr, The on-set of the 
disease was early but there was increase in nematode population 
in root systems of plants infected with the fungvis than in plants 
infected with the nematode alone. Khan and Muller (1986) also 
observed an increase in severity of wilt due to V, dahliae with 
prior inoculation of roots with M, hapla. There was more 
mycelial growth on galled region without sclerotial formation. 
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Bogyaraj £t ^ , (1979) observed that the growth of tomato 
plants and uptake of phosphorus was adversely affected when 
inoculated with M» incognita. M, .iavanica and Glomus fasciculatiis 
(Thaxter) Gerdemann and Trappe^ together but nematodes increased 
spore formation of VAM^ while VAM reduced the nimber of galls 
produced by nematodes, 
Strobel et al, (1982) reported that reduction in growth 
of tomato was more when inoculated with M. incognita in the 
presence of VA mycorhizal fungi i.e. Gigospora margarita 
Becker and Hall and Glomus etunicatus Beeker and Gerd, G. 
margarita. however, suppressed multiplication of M. incognita. 
Cason et al. (1983) observed that inoculation of tomato plants 
with either G. margarita or Glomus mosseae (Nicol and Gerd) 
Gerdmann & Trappe two weeks before inoculation with H.incognita 
did not alter infection by the nematode, 
Sur^sh and Bogyaraj (1984) reported that the inoculation 
of plants with G. fasciculatum was found to reduce the infesta-
tion of M, incognita. Inoculation with mycorrhizae resulted in 
increase in phosphorus, potassium, calcium and reducing sugars 
and amino acids. Similarly, Sitaramaiah and Sikora (1962) 
reported that G. fasciculatus increased the resistance of tomato 
plants to Rotylenchulus reniformis Linford and Oliveira. 
Inoculation of tomato transplants or the seed bed with the 
mycorrhizal fungxis significantly reduced the penetration of 
juveniles into seedlings and further development. The development 
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of the gelatinous matrix was delayed and fewer eggs per egg sac 
were produced on plants with mycorrhiza. Suresh £t al. (1965) 
observed that the number of giant cells decreased when the tomato 
seedlings were inoculated with G, fasciculatus and M, incognita 
while 509^  of nematodes were killed in extracts of fungvis-
infected tomato root. 
Price et a3L, (1981) reported a decreased root galling 
on'tomato due to Meloidogyne spp,, when inoculated together 
with in F. oxysporum f. sp« lyeopersici.whereas inoculation 
with root-knot nematode together with V, dahliae or V, dahlias and 
F, oxysporum f, sp, lyeopersici did not influence galling. There 
was more incidence of wilt due to F, oxysporum f, sp, lycopersici 
in the presence of Y, dahliae together with Meloidogyne spp. 
On the other hand, the wilt due to V, dahliae was not influenced 
by infection with Meloidogyne spp, Hasan and Khan (l965) found 
that inoculating tomato plants resistant to M, incognita with 
R, solani, Selerotium rolfsii Sacc, and V, dahliae resulted in 
susceptibility of tomato cultivar to M, incognita. Egg production 
in plants was highest where seedlings were inoculated with fungi, 
2 weeks prior to nematode inoculation, 
Sinha et al., {l979) observed more galling on brinjal due 
to M, incognita when inoculated with Ozonium taxanum Neel and 
Wester, and nematodes separately or togehter. 
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Mc Ksen and Mountain (i960) reported synergistic effect 
between Verticillium albo-atrum Reinke and Berth, and 
Pratylenchus penetrans (Cobb) Chitwood and Oteifa on tomato. 
In the presence of even low population of the nematode and 
V. albo-atrum, severe damage occurs vrtille the nematode alone is 
not capable of causing damage even with high population of 
4000 nematodes per pot. The nematode multiplication has also 
been more in presence of this fungus. Mountain and Mc Keen 
(1952) also reported that multiplication of P. penetrans was 
more in the presence of V, dahllae on tomato and egg plant but 
not on pepper. 
According to Korunic (19761 Plasmodiophora brassicae 
Woron, had deleterious effect on the development of Heterodera 
cruciferae Franklin on cabbage, 
A positive correlation was observed between Pratylenchus 
thornei Sher and Allen and the severity of V. dahliae wilt on 
potato,where there were fairly high nematode populations. Even 
cultivars relatively tolerant to Verticillium sustained losses 
of 30 to hC^ in the presence of P. thornei althoxogh the nematodes 
alone did not appreciably reduced the yield (Krikun and Orion, 
1977). 
Siti £t al. (1980) pointed out that potatoes,infected 
with V, dahliae and P, thornei together^ were more severly 
damaged than infected with either of the pathogen alone. Infection 
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with nematode reduced the Incubation period of the fungus as 
well as the yield of potato. Similar results were obtained by 
mrtin et al. (1982, 1983). However, Riedal et al. (1985), 
Riedal and Rowe(l984, 1985) and Row.et al. (1965) suggested 
that the results on the effect of inoculation of potato with 
V, dahliae and P. penetrans, Pratylenchus crenatus Loof. and 
Pratylenchus soribneri Steiner varied with Pratylenchus spp. 
Field studies showed that various populations of either 
_P, penetrans and V. dahliae alone and in combination severly 
damaged potatoes at levels which individually have little or 
no effect. P. crenatus did not interact with V, dahliae while 
JP, scribneri interacted slightly on potatoes. 
Kumar and Sivakumar (1981) noticed that when _R. reniformis 
and R, solani were present together okra plants sucumbed to 
wilt at an early stage but when the nematode preceeded the 
fungus, wilting occured earlier than when the plants were 
inoculated first by the fungus. 
Zakiuddin (1964) observed that there was no difference 
in the incidence of the disease when egg plants were inoculated 
with R. solani and R, reniformis either alone or simultaneously 
and sequentially. However, the presence of the fungus decreased 
the multiplication of the nematode. The younger seedlings were 
more susceptible to disease complex. Plants under stress due 
to no NPK fertilizers or adverse pH and soil texture become 
sixsceptible to disease complex. 
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Khan et al. (1981) reported that the weight and height 
of eggplants decreased when the plants were Inoculated with 
Phomopsis vexans (Sacc, and Syd. ) Harter and M, incognita 
together buti*fungijs also reduced the root-knot galling and 
final populations of M. incognita. Jamal (1979) reported an 
increase in the root-knot galls when the seedlings were 
inoculated with Sphaerotheca fuliginea (Sehlecht) Pollacci^and 
M, Incognita together as compaired to root-knot nematode alone. 
Whitney and Doney (1973) observed death of seedlings 
of sugarbeet in the presence of high population of Heterodera 
schachtii Schmidt and high levels of the fungus. The effect of 
Pythium ultimum Trow and H, schachtii was synergistic while with 
Pythium aphanidermatum (Eds.) Fltz., it was additive. However, 
a negative synergistic effect was observed between H. schachtii 
and soil fungi (Muller 1981), 
A synergistic effect between V. dahllae and Globodera 
pallida I?tone o|i potatoes was observed on inoculation with the 
nematode at planting and with the fungus at emergence of 
seedlings (Franco and Bendezu, 1988). Janowiez (1984) observed 
a 24?^  damage of potato tubes due to Fusarium as against 49?6 
due to Fusarium and Ditylenchus destructor Thorne^when potatoes 
were stored at 6-15*^ C. At low temperatures, although damage to 
potatoes was reduced but it was higher with nematode and fungus 
as compared to the two pathogens alone. 
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Overman and Jonee (1977) pointed out that the two week 
old tomato plants growing in soil infested with Belonolaimus 
longicaudatus Rau, Criconemoides sp. Raski, or M. incop;nita 
were inoculated with V, albo-atrum and grown at 28 C, fresh 
weight of plants was reduced to a greater degree than with 
the fungios alone* Haseeb and Alam <1964) reported that all 
plant parasitic nematodes present in the soil (M. incognita, 
R, reniformis, T, brassicae, Hoplolaimus indieus Sher and 
Tylenchus filiformis Butschli- multiplied in untreated controls 
but with the addition of a cultxare fliterate of R. solanl their 
population declined. Husain et al. (1966) pointed out that 
in studies where tomato seedlings were inoculated with 
M. incognita. R, reniformis and R, solani. the Rhizoctonia -
inoculated plants were more affected followed by uninoculated, 
M. incognita - inoculated and R, reniformis inoculated. 
Nematode - Nematode Interaction 
In soil several species of nematodes multiply in the 
same niche. They are bound to influence each other and the 
plants. Rao and Prasad (l971), observed that R. reniformis. 
when occuring alone, caused greater damage than M. javanica 
alone or both the species present together in equal densities. 
However, Rao and Seshadri (1981), while studying the interaction 
of M. incognita and R, reniformis on grapevine, reported that 
the reduction in root length was more by M. incognita (57?^ ) 
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than by R. reniformis Oh%), The shoot weight and root length 
reduction at 200 larval level by M. incognita alone was more, 
than either by R, reniformis alone or in combination of both 
the nematodes, Both antagonistic to each other in combined 
inociilations. The suppressive effect of M. incognita was more 
on R, reniformis. Mishra and Gaur (1981) observed that the 
extent of growth reduction of black gram was relatively less 
in concomitant inoculation with M« incognita and R. reniformis 
than caused by either pathogen singly, 
Singh (1976) pointed out that concomitant inoculation of 
soybean plants with R. reniformis and M, incognita caused more 
damage to plants than caused by any one of them separately. 
Khan et^  al., (1984) pointed out that higher inoculum 
levels of both M. incognita and R, reniformis when present 
singly or together, caused significant reduction in growth of 
tomato variety Marglobe. Suhail and Alam (1969) observed 
significant reduction in growth of okra cv, Pusa Sawani when 
inoculated with M. incognita and R, reniformis separately. 
These inoculations also impaired water absorption by root. 
However, in concomitant infections «the reduction in plant growth 
as well as water absorption capability of roots was more 
pronounced. Inoculation of soybean with M, incognita and 
HoplolaLmus columbus Sher, resulted in decline in dry root and 
shoot weight and this decline was directly correlated to 
increasing initial populations of M, incognita and H. columbus. 
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The f ina l root population of M. incognita or H, colijmbus a l so 
declined l i n e a r l y with increasing i n i t i a l populat ion densi ty 
of concomitant spec ies , H. columbus suppressed the populat ion 
of M. incognita i n the s o i l non l i n e a r l y , but M. incognita had 
no ef fec t on H, columbus (Oonell .et a l .« 1987). 
Soybean cv, Coke]>-317 and Gordon were inoculated with 
increasing i n i t i a l populat ion d e n s i t i e s of M. incognita and 
Pratylenchus brachvurus (CcQ^frey) F i l ip j ev and Stekhoren 
indiv idual ly and combined, M, incognita and P, brachvurus 
indiv idual ly suppressed shoot growth of both the c u l t i v a r s , but 
only root growth of Coker-317 was influenced when inoculated 
\"d.th M. incogni ta , P. brachvurus toge ther . Reproduction of 
both nematodes, was mutually suppressed on Coker-317 but 
P, brachvurus reproduced be t t e r on Gorden, I t , however, did 
not a f fec t r e s i s t ance of the c u l t i v a r s to M, incogni ta . 
M. incognita suppressed the reproduct ion of P, brachvurus e i t h e r 
when two nematodes co-inhabited i n a ha l f - roo t system or 
present in opposite ha l f - root system. However, P. brachvurus 
affected M. incognita only i f both nematodes infected the 
same ha l f - root system (Herman e t a l . . 1988). 
Grif f in (1980) observed t h a t in fec t ion with Ditvlenchus 
d ipsac i (Kuhn) F i l ip j ev adversely affected the growth of 
suscept ib le 'Vernal 298' and Ranger a t a l l the s o i l temperatures , 
except for 'Vernal 298' a t 16°C, Infect ion with M'^" hapla alone 
did not suppress the growth of any of the a l f a l f a , A combination 
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^^ I5» hapla and D, dlpsacl resulted in synergistic reduction 
in weight of plants of 'Ranger' at all soil temperatures. 
Griffin and Waite (1982), Griffin (1985) reported a 
synergistic relationship between M. hapla and H, schachtii 
on tomato, A combination of H, schachtii and M. hapla signifi-
cantly reduced tomato root weight with more reduction with 
concomitant inoculation. The root-knot index was also adversely 
influenced. Inhibition in the development of M. hapla on 
tomato roots from combined nematode inoculations was more 
pronounced as soil temperature increased over a range of 
18-30^C and with prior inoculation tomato with H. schachtii. 
M. hapla had little effect on female developments in 
U, schachtii. but there was significant reduction in the build 
up of H. schachtii when M, hapla inoculation preceded that of 
H. schachtii by 20 days.\ Griffin (19B3) reported that H. 
schachtii and D, dipsaci individually x*educed the root growth 
of sugarbeet below that of uninoculated controls at 16, 20, 
28°C, A combination of H, schachtii and D. dipsaci significantly 
reduced root growth below that of single inoculations of 
H. schachtii at all temperatures and D, dipsaci at 20, 24 and 
28°C, 
/Insera et. al^ (1984) observed that H. schachtii. M.hapla 
and Nacobbus aberrans Thorne and Allen either alone, or in 
various combinations with each other, caused a significant 
suppression of growth of sugarbeet seedlings. M. hapla and 
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H, schachtll decreased growth of sugarbeet more than N.aberrans 
over a 60 da}© period, \ 
Winoto and Lim (1972) noticed that inoculation of tomato 
with R. reniformis tended to reduce top weight, while with 
M, incognita* top weight increased. Multiplication of 
M, incognita was inhibited by the presence of R. reniformis. 
Larger population of M. incognita, on the other hand, affected 
the population growth of R, reniformis. Khan et al,(1979), 
reported that the popiolations of both M. incognita and 
R. reniformis were reduced in mixed infections on tomato. 
Maltiplication of R. reniformis was inhibited by the presence 
of M, incognita, but, JM. incognita was little affected by the 
presence of R. reniformis. Thomas and Clark (1980) reported 
that M. incognita reproduced equally well in combination with 
R. reniformis as it did when present alone but R, renifonnis 
population was significantly reduced in the presence of 
M. incognita in a green house test. In a test, where eqxiivalent 
number of M. incognita eggs were added to soil naturally infested 
with R. reniformis (3CX) larvae/500 ml soil), the reproduction 
of R, reniformis was reduced when present together with 
M. incognita. But at the same time, M, incognita population 
increased in this combination. Field study showed R. reniformis 
to be the predominant species in most of the test areas with 
M, incognita being detected only late in the season. In some 
plots where M. incognita was detected early in the season. 
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R. reniformis populations were lower at the end of the season, 
JThomas and Clark (l983a) suggested that in field plots fumigated 
with methyl bromide and then infested with low levels of 
R, reniformis. M. incognita and R, reniformis and H. incognita, 
together, final population densities of M. incognita juveniles 
were reduced by R, reniformis. but R, reniformis was not 
affected by M, incognita. In other study, Thomas and Clark 
(l983b) observed that reproduction of R* reniformis was reduced 
by M. incognita on sweet potato at all the inoculum levels 
while M. incognita reproduction was not inhibited.^ Pathak et a^. 
(1985) reported significant plant growth reduction with an 
initial inoculum of 100 juveniles per plant per 500g of soil 
of either M. incognita or R. reniformis. In concomitant inocu-
lations, root-knot formations and multiplication rate of each 
pathogen was inversely proportional to inoculum level. In 
concomitant inoculations, J^ . incognita reduced the multiplication 
rate of R, reniformis. The population of M, incognita was 
also suppressed at all. levels of inociolum in the presence of 
R. reniformis. •-:•••:' 
In simultaneous inoculation with R, javanica and 
R, reniformis on cowpea, there was less increase in population 
of M, .javanica in competition with R. reniformis. However, pre-
invasion by R, reniformis significantly suppressed the number 
of M, javanica in the roots. There was no effect on nodulation 
in roots as a result of inoculation with M. javanica and/or 
R. reniformis but nodule formation was adversely affected only 
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when inoculation with R. renifonnis preceded rhizobial inocula-
tion. Nodules were formed on galls due to M. .javanjca (Taha 
and Kassab 1980). 
According to Ibrahim and Lewis (1966) there was no 
difference in the number of galls and eggmasses in simultaneous 
and sequential inoculation of soybeans with Meloidogyne arenaria 
Neal and M. incognita. However, at 25 and 30 C, suppression 
of galls ,ai^ eggmasses was observed vrtien inoculation of soybeans 
with M. incognita preceded that with M. arenaria by 2 weeks. 
M. arenaria reproduced well at 25 or 30 where as M, incognita 
at 30°C. 
Dennis and Gregory (19B6) studied the effect of concomi-
tant population of several nematodes around soybean susceptible 
cultivar Williams 79 and resistant cultivar Fayette, The 
population of Heterodera glycines Inchinohe increased on Williams 
79, grown in soil treated with aldicarb but decreased on 
Fayette grown both in untreated soil and soil treated with 
aldicarb but remains at the initial levels on treated cv, 
Williams, Treatment suppressed soil and root population of 
P, scribneri on both the cultivars. There was little increase 
in population of Helicotylenchtjs pseudorobustus (Steiner) 
Golden, Rotylenchus pro.jectus (De Man) Filipjev and 
Tylenchorhynchus martini Fielding on either cultivars grown in 
untreated soil, Gaur and Haque (1986) observed very weak 
interspecific competition among Tylenchorhynchus spp, Cobb, 
R. reniformis and H, indieus owing to their differential 
ecological niches on the host. 
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Plant Part and Extracts 
The application of plant parts and their extracts has 
resulted in control of plant parasitic nematodes. There has 
been immense amount of literatiore which has been reviewed by-
Gill (1952), Hutchinson (1960), Johnson (1963). 
Nene and Thapaliyal (1966) reported that the soil 
amendments with plants it-self may liberate toxic principles 
which adversely affect the nematodes. Addition of dried poultry 
faeces,dried poultry manure, composted oil cake, composted 
municipal refuse and partially composted poultry manure signi-
ficantly reduced infestation by M. incognita on tomato (D'Srrico 
and Maio, 1980). 
Mian and Rodriguez-Kabana (1962) studied the effect of 
soil amendments with cotton sedd oil cake, peanut oil cake and 
chicken litter on Cucurbita pepo inoculated with M. arenaria 
Neal, Almost all the oil cake amendments at the rate 0,h% or 
more almost eliminated rxDot galling. 
Cooseraans (1983) reported incorporation of 109^  fermented 
household waste to the soil resulted in a minimal amount of 
root-knot and maximum microbiological activity. Jagdale et al. 
(1986) reported that soil amendments with also reduced nematode 
populations and number of galls on Piper bette. 
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The toxicity of exudates from the soil amended with neem 
cake and Undi cake to M. incognita increased upto 3 weeks of 
decomposition, where it was maximum, then decreased and by 6th 
week it was almost negligible. Undi cake was more toxic at 
4th and 5th week decomposition than neem cake (Gtoswami and 
Vijayalakshmi, 1867, t989). 
Duhaylongsod (1969) reported that in amongst various 
organic amendments, tested fresh chicken check and composted saw 
dust resulted in significant reductions in levels of R«reniformis. 
However, soil amendment with composted leaves of Gljricidia sp, 
was ineffective against the nematode. 
Babotola (1989) studied the effect of poultry maniire, 
cattle manure, horse manure, fruit canning factory waste and 
burnt township refuse on some plant-parasitic nematodes affecting 
tomato. Poultry manure and cow dung were superior to all the 
other organic manxores in terms of growth, vigour and yield. 
Although citrus fruit canning factory waste gave good control 
of nematodes, the yield of tomatoes was very poor because of 
poor seedling survival and establishment. Burnt township 
refuse gave the highest increase in soil organic matter content, 
v\rtiile poultry manure gave the highest increase in phosphorus 
content of the soil, 
Haseeb et ^ , (1983) observed that aqueous extracts of 
Mentha viridis, Qmblica officinalis and Carrissa carandus 
showed adverse effect on M. incognita lairvae in in vitro. 
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M, viridis, C. fistula, C. myrea, C. carandus, Calocasla 
antiquorimi and Dalbergia sissoo were also found to exert 
adverse effect on R, reniformis. Mahraood ^  al, (1982 )^  v/hile 
studying the effect of different concentrations of leaf a m 
seed extracts of 12 indigenous medicinal plants known to possess 
anthelmintic properties on the R, reniformis and M, incognita^ 
found that the mortality rate of nematodes increased with 
increasing concentrations of the extracts and increasing 
exposure period. Extracts of leaves of Anagallis arvensis and 
the seed of Linum usltatissimum and Sida cordifolia proved to 
be highly toxic. Interculture of tomatoes with Tagetes patula 
or Asparagus officinalis reduced the final population of mature 
females ol JA, incognita (Moussa et al.. 1963). 
Jain and Hasan (l985) observed that all aqueous extracts 
(leaf, seed and pod shell) of Leucaena leucocaphala were toxic 
to M. incognita and Hellcotylenchus dihvstera Cobb and Sher to 
varying degrees. Seed extracts were more effective than leaf 
or pod shell extracts in catising immobility of nematodes. 
Larvae of M.incognita being more sensitive than H. dihystera. 
Inhibition of egg hatch increased with an increase in the 
concentration of extracts. Slddiqui and Mam (1988) observed 
that the chopped flowers, leaves or stems of Tagetes lucida, 
T, minuta and T, tenuifolia resulted in a significant reduc-
tion in the population of R. reniformis. T. brassicae. H, indicus 
Hellcotylenchus indicus Slddiqui and X* filiformis on tomato 
and eggplant with a corresponding increase in plant growth. 
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Ram and Gupta (1980) pointed out aqueous extracts of 
soil amended with 10, 20, 30 or 40 g neem leaves/kg of soil 
adversely affected the development of root-knot nematode on 
chickpea, the highest reduction being with higher dose of neem 
leaves, used as soil amendment. Extracts of oil cake of 
mustard, taramira, sesame and cotton adversely affected the 
hatching of larvae during the first 3 days. The extracts of 
oil cakes of mustard and cotton were highly effective in 
reducing the hatching (inder.jit et al.. 1980). 
Baecker (1986) pointed out that Raphanus sativus can 
be successfully used both as a green manure crop and as a 
means of biological control against H. schachtii. Ramesh et ^ . 
(1966) observed the toxic effect of water and methanolic 
extracts of leaves, stems and buds of Datura stramonium. 
Ipomea carnea, Tagetes patula and Lawsonia alba on the second 
stage larvae of Tylenchulus semipenetrans Cobb and Anguina 
tritici (Steinbuch) Chitwood. The methanolic extracts of 
leaves, stems and buds caused 75-100 percent larval mortality 
of T. semipenetrans and A. tritici at Amg/ml or 1:5 dilution. 
Shubina (1988) observed that aqueous homogenates of garlic 
(Allium sativum), resistant to Ditylenchus dipsaci. killed all 
D. dipsaci in vitro after 30 min exposure. 
Jain and Bhatti (1989) pointed out maximum shoot weight 
and length with minimum galling was observed when the leaves of 
Azadirachta indica were allowed to degrade in soil for a period 
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of 6 weeks before transplanting plants, Perwez et al. (1989) 
observed that interculture of Ta^ets areata with lettuce reduce 
the infestation of M. javanica. The number of galls however, 
decrease with increase - number of plants. 
PLAN OF WORK 
PIAN OF ViDRK 
1, Study of rhizosphere and rhizoplane mycoflora of tomato 
plants, 
2, Effect of pathogenic and some of the saprophytic fungi on 
germination of seeds of tomato separately and in combination 
to identify the fungi which are pathogenic, saprophytic 
stimulating the germination of seeds; and antagonistic to 
pathogenic fungi, 
3, Effect of different fungi on nematodes (reniform and 
root-knot nematode). 
4, Effect of fungi identified in para 1 + 2 on interaction 
of pathogenic fungus and reniform nematode and root-knot 
nematodes, 
5, Effect of extracts of leaves of the plants known for 
nematoxic principles on hatching of larvae and mortality 
of nematode, 
6, Effect df' soil amendment with chopped leaves of certain 
plants known for antimicrobial property on the efficacy 
of antagonistic fungi in reducing the damage done by the 
nematode and the pathogenic fungus separately or together. 
MATERIALS 
AND 
METHODS 
MATSRIAI^ AND METHODS 
2,1 Isolation of fungi from rhizosphere and rhizoplane : 
For isolating fungi from rhizosphere, plants will be 
removed carefully and will be brought to the laboratory in 
sterilized container under aseptic conditions. 
Excess amount of soil adhering to the roots will be 
removed by shaking the root system. The soil still left 
adhering to the roots will be scrapped and collected over 
the butter paper with the help of sterilized needle. The 
soil thus obtained will be thcx\5u^ hly mixed and'one micro-
spatula of this soil will be transferred to 100 mm diameter 
petriplate to which 15-20 ml of sterilized just melted potato-
dextrose agar CP.D.A) have been poured. The plates will be 
rotated to have uniform distribution of soil. The petriplates 
will be incubated at 28^2^0, Fungi, that will grow after 
5-6 days of incubation, will be isolated and identified. 
Similarly, for isolating fungi from rhizoplane, the 
roots will be shaken in the petriplates to remove the extra 
soil. The roots will be cut into pieces and be transfered 
to sterilized petriplates containing P.D.A. The root showing 
sign of rotting will be removed for isolating the fungi 
infecting the plants. 
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Such roots will be cut into pieces and treated with 
O.'^ ji,. mercuric chloride followed by rinsing with sterilized 
water. These will than be placed in petriplates containing 
P. D.A. The inoculated petriplates will be incubated at 
28+2°G for about 10 days. The fungi that will develop, will 
be examined and identified. The frequency of occurence of 
rhizosphere and rhizoplane fungi will be determined with 
following formula 
No. of colonies of a particular fungus ^^Q 
Total plates 
Fungi appearing on the infected root will be separately 
studied and identified. In case R. solani and/or 
F, oxysporum are present, these will be maintained in pure 
culture for further studies. 
The pure culture of fungi will be made by hyphal tip 
method or single spore isolations. The fungi known for 
antagonistic action will be isolated and will be tested for 
their effect on the two organism. 
2.2 Effect of different rhizosphere and rhizoplane fungi on :-
(a) Germination of seeds t 
In order to study the effect of fungi on germir^tion 
of seeds,the fungi (pathogenic ar^ saprophytic known for 
antagonistic effect) will be grown in synthetic medium 
(FLLchard's medium) consisting of the following:-
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Potassium nitrate 10.00 g 
Potassium dihydrogen phosphate 5.00 g 
Magnessium sulphate 2,50 g 
Ferric chloride 0,02 g 
Sucrose 50,00 g 
Distilled water 1000,00 ml 
Ihe erleraneyer flasks (150 ml) containing the medium 
will be inoculated with the fungi and will be incubated at 
30°C, After 15 days of growth the mycelium will be filtered 
and will be used for inocul3tion. Seeds will be mixed with 
different fungi separately and will be placed in the petri-
plates. Germination of seeds will be determined after every 
two days for two weeks and the percentage germination of 
seeds will be calculated. On the basis of these studies, 
fungi which show adverse effect on germination, stimulatory 
effect on seed germination and antagonistic to pathogenic 
fungi will be identified. later the effect of two fungi 
belonging to two different categories will be tested on seed 
germination. The plates containing seeds will be incubated 
at 30°C. 
(b) On nematodes : 
Different fungi isolated will be screened on their 
effect on root-knot and reniform nematodes. The culture 
filtrate of different fungi will be obtained by growing ^hem 
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on Richards medium for 15 days and filtering them. The 
culture filterate so obtained will be named as 'standard' 
This will be diluted to 1/10, 1/100 and 1/1000. The 
egg sacs of the two nematodes will be collected and treated 
with chlorox. The eggsacs (25) will be transfered to 6 cm 
petriplates containing 10 ml of the culture filtrate of the 
various concentration. Similar number of eggsacs will also 
be transfered to sterile distilled water for check. The 
number of larvae emerged will be counted every day till a 
week and the cumulative hatch will be determined. 
The infective stages of the two nematodes (second stage 
Juveniles in case of root-knot nematode and pre-adult in 
reniform nematode) will be placed in 10 ml of culture filtrate 
of different concentration of various fungi to determine the 
mortality of the nematodes. The number of larvae immobilised 
after every 24 hours till 7 days will be counted. These 
larvae will be placed in water to ascertain whether they are 
dead or not. In case they don*t regain mobilised, they will 
be considered dead, 
2,3 ftaising of seedlings of test plant;-
The seeds of local variety of tomato will be surface 
sterilized with 1:1000 mercuric chloride and rinsed with 
sterilized distilled water three times. These seeds will be 
sown in soil mixture (sand-soil-compost, 1:2:1), previously 
sterilized at 20 lbs pressure for 20 minutes. The seedlings 
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v/hen 15 days old will be used for transplantation. In order 
to prepare mercuric chloride solution, 1 g of mercuric 
chloride will be dissolved in the least amount of concentrated 
hydrochloric acid required for dissolving the crystals. To 
this 100 ml. of sterilized distilled water will be added and 
this would be labelled as stock solution. To this 10 ml 
stock solution 90 ml of sterilized distilled water will be 
added to obtain the concentration of 1:1000. 
2.4 Raising the inoculum of the fungus :-
The inoculum of the test fungi will be raised in 
Richards medium. The mycelial mat obtained after filtration 
will be used for inoculation. 
2.5 Raising inoculum of nematodes :-
For raising population of R, reniformis eggs from 
single gravid female treated with 1:500 chlorox, will be 
transferred in sterilized distilled water for hatching. 
Pre-adult females so obtained will be placed near the roots 
of tomato cv. Marglobe grown in sterilized soil. For raising 
pure culture of root-knot nematode Meloidogyne incognita, 
each tomato cv, Marglobe seedling will be inoculated with 
single eggmass collected from infected tomato roots after 
having surface sterilized with 1:500 chlorox (dai0uden,1958) 
solution followed by rinsing with sterile water. After 60 days 
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more plants will be inoculated from the culture thus raised 
in order to have regular supply of the inoculum, 
2,6 InoQulatlon of plants with test organisms :-
The lairvae of reniform nematode will be obtained from 
soil by using " Cobb's sieving and decantation technique" 
followed by Baermann funnel. The larvae thus obtained will 
be incubated in sterilized tap water for eight days at 30 C 
in order to get immature/young active females. A suspension 
of younger females, prepared in water, will be used for 
inoculating the plants. The suspension containing required 
number of immature females will be used as inoculum. 
For root-knot nematode, the egg mass will be surface 
sterilized by treating with 1:500 aqueous solution of chlorox 
followed by rinsing with sterilized distilled water. The 
eggs will be placed in sterile distilled water contained in 
petriplates and plates will be inoculated at 27 C, A 
suspension of second stage juveniles hatched will be prepared 
in sterile water. In both the cases seedlings will be 
inoculated with suspension in such a way that inoculum level 
is 1000 larvae or immature females/plant, for fungi seedlings 
will be inoculated with 1, 2 and 5 g of the test fungi in 
order to determine the optimal inoculum of the fungus for 
determining the interaction between nematodes and fungi from 
rhizosphere/rhizoplane, two week old tomato seedlings will be 
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inoculated with 1000 immature ac t ive female of R, reniformis 
or second stage larvae of M, incopinita or required inoculum 
of the fungi. 
The following combinations of nematode, fungus wi l l 
be t e s t ed , 
A, (a) root-knot nematodes 
(b) Fusarium oxvsporum f. sp . Ivcopers ic i 
(c) root-knot nematode and Fusarium oxvsporum f« sp . 
lycopers ic i 
(d) uninoc u la ted . 
B. 
C. 
D. 
(a) Reniform nematode 
(b) _Rhizoctonia solani 
(c) Reniform nematode + R, solani 
(d) Uninoculated 
(a) Root-knot nematode 
(b) Reniform nematode 
(c) Reniform + root-l<not nematodes 
(d) Uninoc ula ted 
(a) F. oxysporum f. sp . l ycope r s i c i 
(b) R. so lan i 
(c) Root-knot nematode + R, solani 
(d) Root-knot nematode + F. oxvsporum f, sp. lycopersici 
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(e) Root-knot nematode 
(f) Root-knot nematode + _F, oxysporum f. sp, lycopersici + 
R, solani 
(g) F. oxysporim f. sp, lycopersici + R, solani 
(h) Uninoculated 
E. 
F. 
(a) Reniform nematodes 
(b) Reniform nematode + F. oxysporum + R. solani 
(c) F. oxysporxjD + R, solani 
(d) F, oxysporum 
(e) R. solani 
(f) F. oxysporum + reniform nematode 
(g) R. solani + reniform nematode 
(h) Uninoculated 
(a) Root-knot nematode 
(b) Reniform nematode 
(c) Root-knot + r en i fo rm nematode + F, oxysporum + 
R, s o l a n i 
(d) Root-knot + r en i fo rm nematode + F. oxysporum 
(e) Root-knot + r e n i f o n n nematode + R, s o l a n i 
( f ) Root-knot + r en i fo rm nematode 
(g) Reniform nematode + _R, s o l a n i 
(h) Reniform nematode + F, oxysporum 
( i ) Root-knot nematode + R, s o l a n i 
( j ) Root-knot nematode + F, oxysporum 
(k) Uninocula ted , 
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2.7 Effect of nematoxlc plants on nematodes :-
Leaves of plants known for neraatoxic properties will 
be collected and sterilized with chlorox solution and rinsed 
with sterile water. These leaves will be triturated in a 
grinder and the homogenate will be strained through two layers 
of cheese cloth. The extract will then be centrifuged at 
8,000 rpm for 15 minutes. After centrifugation, the 
supernatant will be taken and used for studies, dealing with 
hatching and mortality. 
The extract so obtained will be arbitrarily turned as 
»• standard" . It will be diluted by adding required amount 
of sterile distilled water to obtain S/10, 3/100, S/1000 
concentration. 
For studying hatching and mortality, 5 ml extract of 
each dilution will be transferred to 5 cm petridishes previously 
sterilized. Two drops of 0,196' solution of streptomycin 
sulphate will be added to each petridish to. avoid bacterial 
contamination. The method outlined in 2,2(b) will be 
followed for determining hatching + mortality of nematodes. 
2,8 Effect of soil amendment with chopped leaves of plants known 
for nematoxic properties on nematode and fungus complex 
The plants showing high degree of nematoxic properties 
will be used for soil amendment. Soil will be amended with 
10 g leaves of such plants per kg soil. 
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Seedlings of test, plants raised in the sterile soil 
will be transplanted after 15 days of amending the soil and 
later will be inoculated with nematodes or fungi or both in 
the manner outlined above. For controls the seedlings will 
be grown in uninoculated amended, uninoculated unamended 
soil and inoculated unamended soil. 
For each treatment there will be five replicates 
which will be arranged in a randomised fashion in the 
greenhouse, The studies will be repeated thrice, 
2.9 Recording the observations :-
2.9.1 Growth of plants and root-knot index :-
Through^out the studies growth of plants will be 
determined after 45 days of inoculation. Plants v/ill be 
uprooted and washed in running water and will be kept in the 
old newspapers. Length of root and shoot will be determined. 
of 
Lata? fresh weight/plants will be determined. The plants will 
be dried in an incubator at 60°C. On being cooled dry 
weight will be determined. 
Root-knot index will be determined on 1-5 scales as 
follows:-
I, No gal]s_no eggmasses - Highly resistant 
II. 1 to 10 galls - Resistant 
III, 11 to 30 galls - Moderately resistant 
IV, 31 to 100 galls - Susceptible 
V, 101 and above galls - Highly susceptible 
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2,9.2 Estimation of nematode population :-
For estimation of nematode populations, the plants 
will be uprooted carefully and soil of pots will be collected 
in polythene bags. 
Cobb's sieving and decanting method will be used for 
isolation of nematodes from soil. After thoroughly mixing 
the soil 250 g of soil will be transferred in a plastic bucket 
and a soil suspension will be made in one litre tap water. 
Later the Itimps in the soil will be broken gently. The debris 
and stones, if any, will be removed. More water will be 
added and the suspension will be vigorously stirred, then 
left undisturbed for about 15 seconds for allowing heavy 
soil particles to settle down. The suspension obtained after 
passing through a 25 mesh sieve will then be passed through 
150, 200, 300 and 400 mesh sieves. The residuce left over 
each sieve will be collected in a 250 ml beaker with the help 
of wash bottle. 
It will be poured into a double layered tissue paper 
mounted over a coarse supporting sieve placed over a 10 cm 
dia. funnel provided with a rubber tube clipped with a stop 
cock containing as much water as that touches only the brim 
of the sieve. This assembly (Baermann's funnel) will be 
allowed to remain undisturbed for 24 hrs during v/hich the 
motile nematode species will riggle out into the water of the 
funnel. The nematode suspension thus obtained will be 
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2.10 
collected by opening the stop cock and then e^ camined for 
nematode species under stereoscopic microscope. 
After having collected nematode suspension in water; 
a 10 ml suspension v/ill be drawn and transferred to a 10 ml 
counting dish. The number of nematodes will be counted. 
Three such countings will be made and mean will be taken 
which then will be converted to 100 ml suspension. In 
inoculation studies reproduction factor (R) of each nematode 
species will be calculated by the formula R = Pf/Pi where 
Pf represent the final and Pi the initial population of 
a nematode. 
Throughout the studies,there will be ten replicates 
for each treatment with 5 plants/plates for each treatment in 
a replicate. The studies will be repeated twice. 
The data so generated will be subjected to statistical 
analysis. 
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